A study of correlated genotypic and phenotypic changes over a 2400-year period in a cave population of pocket gophers bolsters the idea that small, isolated populations can not only persist in a fluctuating environment, but may be able to adapt without genetic input from elsewhere.
A similar history awaits the field of conservation genetics. The 'central dogma of conservation genetics' is that genetic variability is good, worthy of preservation as a primary concern. Our perception of the advantages of genetic variation in a population stems from considering adaptability to a changing environment. But, in contrast to the case in molecular biology, the rise to paradigm status of the conservation dogma was slow, and the 'fall' looks to be quick. The beginnings of this dogma can be traced at least back to 1974, when no observable variation was reported in 24 allozyme loci in a sample of 159 northern elephant seals [1] . This result was in sharp contrast to earlier allozyme surveys in other species, which revealed a surprising amount of electrophoretic variation -enough variation to challenge the strictly adaptationist viewpoint of genetic variation, and spawn the neutral theory of molecular evolution [2] . It was well known that the northern elephant seal had gone through a sharp population bottleneck, leading to the inevitable, and correct, conclusion that demographic history could play a strong role in shaping the evolutionary potential of populations.
The next logical connection in paradigm construction was not solidified until the 1980s, however, when O'Brien and his colleagues [3] discovered a similar lack of variation in the cheetah. The striking feature of the cheetah work was that an allozyme monomorphism was shown by skin-graft experiments to be correlated with inter-individual histocompatability, and both were claimed to be related to the high juvenile mortality, high frequencies of sperm abnormalities and declining population size of the cheetah [4, 5] . The reproductive dysfunctions in the cheetah served to engender the view that not only was the cheetah in trouble, but that the cause of its problems could be traced to a lack of genetic variability [5, 6] .
The conservation genetics dogma was thus consolidated, but perhaps not explicitly enough. The studies that followed the cheetah example were simultaneously blessed and cursed by improvements in the ease and accuracy of collecting data on molecular genetic variation. It became relatively straightforward to estimate the amount of DNA variation in populations at many loci. Unfortunately, the ease of assessing the risk of species extinction, or expected population persistence times, did not advance as rapidly. Why bother with complicated, time-consuming, and expensive physiological experiments, like those performed on the cheetah, when it is easy to identify small and/or declining populations, measure their genetic paucity and declare them as at risk for genetic-based extinction?
Recent studies in conservation genetics, however, are beginning to broaden in scope and impact by attempting to correlate genetic and phenotypic data from the same populations. This is well illustrated by the recently reported work of Hadly et al. [7] , who used both moleculargenetic and phenotypic data to test whether a cavedwelling population of pocket gophers had been genetically isolated from other populations through several marked environmental changes during the Holocene epoch. Isolated populations can serve as foci for rapid evolutionary change, because random genetic drift has a greater chance of generating variation on which selection can act in small than in larger and less solitary populations. The gopher species, Thomomys talpoides, occupying Lamar cave in Yellowstone National Park in Wyoming, USA, is one of a host of small mammals that have persisted in the region through 3000 years of dramatic fluctuations in climate. While these gophers and other species have apparently experienced some striking morphological alterations over this time period, as indicated in a very well preserved time series of fossil specimens, evolutionary biologists have not been sure whether the variation was a consequence of migration from other populations or from in situ evolution of an isolated population.
Hadly et al. [7] used a combined data set that included genetic and morphological data. The former were obtained by using the polymerase chain reaction (PCR) to amplify a gene -the mitochondrial gene for cytochrome b -from both modern gophers and DNA obtained from the teeth of ancient gophers, dating back 2400 years. The morphological data involved measurements of the length of the row of back teeth on the lower jaw and of the diastema, which is the space between the back teeth and the incisors. The genetic data, gathered using painstaking controls to prevent PCR contamination of ancient samples, revealed that three distinct mitochondrial genotypes occur among the Lamar cave samples, both modern and ancient, which are essentially absent from all other living pocket gopher populations within a 450 kilometre radius. Extant samples were drawn from regional T. talpoides populations, spanning several subspecies, and even from another local species, T. idahoensis. All the nonYellowstone samples had distinct genotypes not found in the cave. Moreover, a phylogenetic analysis of the Lamar genotypes estimated that they form a monophyletic group, that is, they are all at least as closely related to each other as any of them is to the non-Lamar genotypes (Figure 2 ).
The genetic data alone provide indications that the cave populations have been genetically isolated from nearby populations for some time, but they do not by themselves depict phenotypic changes that were occurring throughout the Holocene. Earlier work [8] had shown that toothrow length is a slowly-evolving morphological character that, in pocket gophers, varies among subspecies, but not in a way that is correlated with environmental changes. In contrast, diastemal length, which is a more developmentally plastic character, has been shown to vary considerably with body Dispatch R723
Figure 2
A phylogenetic reconstruction of the mitochondrial DNA genotypes discovered in modern and ancient pocket gopher populations in and near Lamar Cave, Yellowstone Park [7] . A 164 base-pair fragment of the cytochrome b gene was amplified by PCR from 73 ancient fossil teeth from the cave and from 13 extant pocket gopher specimens trapped within 450 kilometres of the cave. Parsimony analysis of the nine DNA sequences that were obtained, along with a single T. talpoides sequence from GenBank, showed that the three genotypes found in the cave (A, B, and C; highlighted in pink) cluster together and may form a derived clade resulting from an extended period of genetic isolation. All observed nucleotide differences among all genotypes occur at the third codon positions, and most (>90%) arose by transitions that did not affect the amino acid sequence of the encoded protein, implying that the changes were all 'neutral' ones that had little or no effect on the phenotype.
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R724 Current Biology, Vol 8 No 20 size and diet. Hadly et al. [7] measured both of these characters across the 2400 year cave strata. While the toothrow length remained nearly invariant, the diastemal length fluctuated greatly, by up to 17%, and tended to be shorter during warmer periods, when one might expect selection for smaller body sizes to have occurred, as the consequent increase in surface area to volume ratio would have augmented radiant cooling and thus helped prevent overheating. Taken together, these morphological data lend support to the idea that the cave populations remained in genetic isolation, but retained the ability to respond to environmental fluctuations.
An implicit assumption that is often made in the conservation genetics field is that there is a causal relationship between genetic variability, as measured by the usual marker loci, and the evolutionary precariousness of a species, both in the short-term and in the long-term. In reality, the central dogma of conservation genetics should be represented in a fashion analogous to that of molecular biology, as in Figure 1b , with three interdependent variables. But while the links between pairs of events have been enlightened in molecular biology by the discovery of enzymes that mediate the various transitions, what is most obviously missing in this diagram are the corresponding links for conservation genetics. And before conservationists can tentatively describe the mediating factors in this triangle, methodical experimentation must be done.
In the conservation genetics case, we are not seeking physical objects, such as polymerases, but rather magnitudes of correlations and their variances. So far, very few studies have explicitly addressed the connections, although composite works such as the pocket gopher study of Hadly et al. [7] are encouraging. In a statement reminiscent of Lande's 1988 warning [9] that demographic considerations often outweigh genetics when a population's viability is considered, Hadly et al. [7] point out that sometimes "the primary response to environmental change may be developmental rather than genetic". Without rigorous tests of its connectivity strengths, the conservationists' dogma should not be promoted above a hypothesis. This can be said while re-emphasizing the probable correctness of the dogma; after all, variation is unequivocally the raw material for adaptation.
